arch action and catenary action to resist progressive collapse of RC frames, no effective 10 compressive arch action is developed in PC frames to mitigate progressive collapse risk.
11
Based on experimental observations, it is found that higher effective prestress in BPT results
12
in enhanced initial stiffness and yielding load but less deformation capacity and ultimate load 13 capacity. It is also found that higher non-prestressed flexural tensile reinforcement ratio could 14 improve the behavior of PC specimens to resist progressive collapse.
INTRODUCTION

21
Progressive collapse is defined as "the spread of an initial local failure from element to 22 element, which eventually results in the collapse of an entire structure or a disproportionately 23 large part of it" 1 . As the accidents or terrorist attacks are unpredictable, conventional civil 24 structures cannot be risk-free. Thus, one of the most popular topics in structural engineering . Alternate load path method is popular used for progressive collapse design [5] [6] [7] [8] [9] . Based 5 on alternate load path method, a number of tests [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] had been carried out. All foregoing test 
17
If a middle column is removed accidentally, the profile of tendons will differ with the 18 bending moment distribution along the beams. It is well known that the PC frames are 19 shallower in depth than their RC counterparts with the same span and loading conditions.
20
Thus, the PC frames may have higher possibility to trigger progressive collapse when the 21 profile of prestressing tendons deviate its design purpose after accidentally removal of the 22 columns. Therefore, it is imperative to carry out the investigations to capture the behavior of The behaviour of PC frame with unbonded post-tensioning (UPT) tendons was investigated 2 by Qian et al.
12
. It is well known, for unbonded tendons transfer the force to the concrete via 3 the end anchors and the profile of tendons. However, the force of bonded tendons can be 4 transferred to the concrete through the bond between the tendons and concrete. Thus, the PC 5 frames with bonded tendons may behave quite differently to unbonded tendons 13 . Therefore, 6 the previous work of Qian et al. 12 has been extended to carry out a programme of tests on PC beam-column subassemblages with bonded post-tensioning tendons (BPT), which will be 8 presented in this paper. 
RESEARCH SIGNIFICANCE
11
The stress profile of tendons may differ with the bending moment distribution after removal 12 of a middle column, which may result in possible collapse of PC frame. To quantify the 13 possible load resisting mechanisms of PC frames subjected to a middle column missing 14 scenario, a series of four PC beam-column subassemblages with BPT are tested in this study.
15
By comparing to conventional RC subassemblages and PC subassemblages with UPT, the 16 effects on BPT could be evaluated quantitatively. Due column subassemblages (PCSL-0.6, PCSL-0.75, PCSH-0.6, and PCLL-0.6) and two non-2 prestressed RC counterparts (RCSL and RCLL). For example, the designation of PCSL-0.6 3 represents PC specimen with short span (span/depth ratio of 12), low amount of non-4 prestressed reinforcement, and the effective prestress (f pe ) of 0.6f pu . where f pu is the ultimate 5 strength of the tendon. Similarly, the designation of RCSL represents non-prestressed RC 6 specimen with short span and low longitudinal reinforcement ratio. Table 1 gives the 7 designation and characteristics of each specimen. The specimens are one-half scaled due to 8 facility capacity in laboratory. The prototype frame of the specimens is located at the middle 9 of a perimeter frame of a six story office building, which has 4.2 m and 3.3 m high in the first 10 and upper story, respectively. The design span is 6 m and 7 m for prototype frame with short 11 and long span, respectively. The RC detail of the specimens are following the seismic design respectively. However, the size of side column is enlarged to 400 mm×400 mm (15.7 in.×15.7 20 in.) for applying fixed boundary conditions well. For Specimen PCSL-0.6, the beam non- respectively.
24
Based on compressive cylindrical tests, the measured concrete compressive strength of 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 sub-assemblages, a special designed steel assembly is installed underneath the upper jack.
21
The steel assembly is consisted of a steel box and several steel pins to only allow vertical 22 movement of the middle column but constraints its rotation and horizontal movements. A 23 series of displacement transducers and load cells are installed to monitor the behavior of the 24 specimens. As shown in Fig. 3b, load 
TEST RESULTS
9
Global behavior
10
RC Specimens-for RCSL, as previously mentioned, firstly, the lower jack protruded 11 out to simulate the middle column intact. Then, six steel assemblies with total weights of 12 5000 kg (11.0 klb) are hung below the beams symmetrically. Thus, the vertical reaction force 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 anchor slip occurred in the jacking end. The failure mode of this specimen is shown in Fig. 8 . 3 Different to RCSL, the PC beams with BPT deformed straightly and the widest crack is 4 formed in the BEVM. Moreover, comparing to RCSL, the crack width in the BENS is much 5 thinner.
6
Similar to RCLL, PCLL-0.6 has span/depth ratio of 14 and thus, the initial axial force 7 is -30 kN (6.7 kip). The true effective prestress of the tendon is 0.55f pu due to prestress loss.
8
The measured vertical displacement is 33 mm (1.3 in.) when the axial force fully released.
9
The yielding load of this specimen is 37 kN (8.5 kip), which is 148% of that of RCLL, at a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 If we look at the total reaction force, similar to previous RC tests [3] [4] [5] [6] [7] [8] [9] [10] [11] , for RC specimens, 2 significant compressive reaction force is initially measured in the horizontal constraints. As as the initial service 26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 beyond 400 mm (15.7 in.). Actually, as shown in Fig. 6b , the tendon at the BEVM will 22 become a straight line when the vertical displacement reached 400 mm (15.7 in.). ). The capacity curve method is mathematically expressed as: 
23
ANALYTICAL ANALYSIS AND DISCUSSIONS
where R V is the vertical reaction force measured by load cell #4 in 
13
After that, based on the vertical force equilibrium at the middle joint, it is determined that:
15
After re-arrangement, it becomes: 
20
Effects of span/depth ratio 21 As shown in Fig. 4 and Table 3 , comparing with RCLL, RCSL achieved greater yielding, 22 first peak, and ultimate load by 28%, 22%, and 51%, respectively. However, for PC 23 specimens, the yielding and ultimate load capacity of PCSL-0.6 is about 114% and 122% of 24 that of PCLL-0.6. Thus, the span/depth ratio has greater effects for RC specimens than PC 
Effects of the amount of non-prestressed reinforcements 9
Comparison of the behavior of PCSL-0.6 and PCSH-0.6, it is found that higher non-prestress 10 reinforcement ratio (1.0%) could increase the yielding load and ultimate load capacity by 11 31% and 14%, respectively. As listed in Table 3 , the initial stiffness of PCSL-0.6 and PCSH- 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Effects of the bonded post-tensioning tendons
2 By comparing the behavior of PCSL-0.6 with RCSL, it is found that BPT could increase the 3 yielding and ultimate load capacity by 31% and 87%, respectively. For PCLL-0.6, the BPT 4 increased the yielding and ultimate load capacity of RCLL by 48% and 131%, respectively.
5
Thus, BPT has greater impacts on behavior of specimens with larger span/depth ratio. As 6 shown in Fig. 13 , considerable compressive reaction force is developed in RC beams in the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 2. Test results indicated that higher initial effective prestress in the BPT will increase the 12 yield load capacity of the PC frame slightly, but not the ultimate load capacity.
13
Analytical analysis and test results revealed that the ultimate load capacity of the PC 14 frame is dependent on the amount of BPT and non-prestressed reinforcement ratio, 3. Based on the test results, it is found that the RCLL with larger span/depth ratio of 14 19 will reduce the yield load and ultimate load capacity by 22% and 34%, respectively.
20
However, PCLL-0.6 with larger span/depth ratio 14 only decreases the yield load and 21 ultimate load capacity of PC frames only by 12% and 18%, respectively. Thus, the 22 span/depth ratio has less effect on PC frames than RC frames. 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
22
Further studies should be conducted to capture the optimal ratio of prestressed 1 reinforcement to non-prestressed reinforcements for optimal resilience performance.
2
FUTURE RESEARCH
3
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